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(54) MESOTHELIOMA-SPECIFIC PROMOTER AND USE THEREOF

(57) Provided is a promoter showing transcriptional
activity in a mesothelioma-specific manner and showing
low transcriptional activity in other kinds of cancer cells
and normal cells including mesothelium. Also provided
are applications of the promoter, and more specifically,
a gene therapy vector and a therapeutic agent for mes-
othelioma each including the promoter. The promoter in-
cludes a CRI1 gene-derived promoter, which is one kind
of mesothelioma markers. The use of a vector including
a cell death-inducing gene or a cell lysis-inducing gene
as a transgene and carrying the CRI1 gene-derived pro-
moter upstream of the transgene can induce a cell death
or cell lysis action in a mesothelioma-specific manner.
That is, the gene therapy vector and the therapeutic agent
for mesothelioma each include a virus vector carrying
the CRI1 gene-derived promoter.
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Description

Technical Field

[0001] The present invention relates to a promoter showing transcriptional activity in a mesothelioma-specific manner
and showing low transcriptional activity in other kinds of cancer cells and normal cells including mesothelium. The present
invention also relates to applications of the promoter, and more specifically, to a gene therapy vector and a therapeutic
agent for mesothelioma each including the promoter.
[0002] The present application claims the priority of Japanese Patent Application No. 2008-104070, the disclosure of
which is incorporated herein by reference.

Background Art

[0003] Thoracic organs such as lungs or heart and abdominal organs such as stomach, intestines, or liver are each
surrounded by a membrane called pleura, peritoneum, pericardium, or the like. It is "mesothelium" that covers the surface
of such membrane. Mesothelioma is a general term for mesothelial cell-derived tumors, and may be malignant or benign.
Mesothelioma often develops in the pleura and also develops in the peritoneum, pericardium, and the like. Mesotheliomas
that develop in the pleura, peritoneum, and pericardium are referred to as pleural mesothelioma, peritoneal mesothelioma,
and pericardial mesothelioma, respectively. Mesothelioma is often discussed in relation to asbestos. In this case, the
mesothelioma mainly refers to malignant pleural mesothelioma.
[0004] The risk of mesothelioma is increased by a higher level of asbestos exposure and a longer history of the
exposure, and there is a long latency period between the asbestos exposure and the development of mesothelioma. It
is said that mesothelioma has a latency period of around 20 years at least and about 40 years on average before the
development. There is an indication that the incidence of lung cancer is increased several-fold to 50-fold in people with
both risks of asbestos exposure and smoking. However, it is believed that mesothelioma has little association with
smoking.
[0005] As methods for diagnosis of mesothelioma, there are exemplified image findings, cytodiagnosis of pleural fluid,
tissue biopsies, and detection of tumor markers. In the image findings, extrapleural sign and pleural effusion are observed
with X-rays in many cases, which are generally unilateral. Similar findings can also be obtained by thoracic CT. Further,
an image showing the accumulation of FDG is obtained in FDG-PET. In the cytodiagnosis of pleural fluid, tumor cells
are observed in some cases. The tissue biopsies are extremely important and provide a primary basis for definitive
diagnosis. It has been reported that the expression of Wilms’ tumor susceptibility gene 1 (WT1) (Non-patent Documents
1 to 3), calretinin (Non-patent Documents 4 and 5), mesothelin (Non-patent Document 5), or CREBBP/EP300 inhibitory
protein 1 (CRI1) (Non-patent Document 6) as a mesothelioma marker is observed. It should be noted that Carim et al.
reported that CRI1 was identified as C150RF13 by EST cluster analysis (Non-patent Document 7) and Gordon et al.
reported that CRI1 was analyzed and expressed significantly in mesothelioma (Non-patent Document 6). However, there
is no report on the pathogenicty of CRI1. The sequence of a gene encoding CRI1 has been registered with GenBank
Accession No. NM_014335 and is also referred to as EP300 interacting inhibitor of differentiation 1 (EID1).
[0006] A method for treatment of mesothelioma also varies depending on the stage such as limited pleural mesothe-
lioma (Stage I) or advanced pleural mesothelioma (Stage II, III, or IV). For example, limited pleural mesothelioma (Stage
I) is treated by surgical therapy involving removing part of the pleura and its surrounding tissues. When a tumor is present
in a wider range of the pleura, the tumor is treated by surgical therapy involving removing the pleura and its adjacent
tissues in order to reduce the symptoms, and is further treated by radiotherapy and chemotherapy as the case may be.
A method for treatment of advanced pleural mesothelioma (Stage II, III, or IV) varies depending on the stage, and for
example, thoracentesis for removing fluid from the pleural cavity, and surgical therapy, radiotherapy, and chemotherapy
are performed. Mesothelioma rarely metastasizes to other organs. However, mesothelioma has already progressed
extensively at the time of diagnosis, and hence cannot be treated by a radical operation in many cases. Mesothelioma
is said to show extremely poor prognosis and have a one-year survival rate of 50% and a two-year survival rate of 20%.
[0007] In recent years, many attempts have been made on gene therapy as one of methods for treatment of diseases.
Further, there are various reports on vectors which may be used for such gene therapy, and the vectors are expected
to be applied to anti-tumor agents (Patent Documents 1 and 2). Adenovirus vectors (also referred to as "Ad vectors")
are exemplified as one kind of vectors used for gene therapy. At present, the Ad vectors used for the vectors for gene
therapy are based on human Ad type 5 (or type 2) belonging to the sub-group C.
[0008] The Ad vectors are expected to be applied to various diseases as the vectors for gene therapy because of their
excellent transgenic property. However, when the Ad vectors are locally administered to tumors, some of the Ad vectors
may leak from the tumors into the general circulation. The expression of a gene in a site other than an affected site of
interest may cause undesired adverse effects. For example, the use of a gene showing toxicity on cells expressing the
gene may cause toxicity on not only tumors, i.e., mesothelioma but also tissues other than the tumors. It is conceivable
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that the expression of a desired gene in only cells or tissues of interest would lead to an effective gene therapy without
any adverse effect.

Non-patent Document 1: Differentiation, 65: 89-96, 1999
Non-patent Document 2: Cancer Research, 61: 921-925, 2001
Non-patent Document 3: J. Pathol., 199: 479-487, 2003
Non-patent Document 4: Human Pathology, 34: 994-1000, 2003
Non-patent Document 5: Proc. Natl. Acad. Sci. USA, 93: 136-140, 1996
Non-patent Document 6: Am. J. Pathol., 166: 1827-1840, 2005
Non-patent Document 7: Cytogenet. Cell Genet., 88: 330-332, 2000
Patent Document 1: JP 2007-209328 A
Patent Document 2: JP 2007-190022 A

Disclosure of the Invention

Problems to be solved by the Invention

[0009] An object of the present invention is to provide a promoter showing transcriptional activity in a mesothelioma-
specific manner and showing low transcriptional activity in other kinds of cancer cells and normal cells including mes-
othelium. Another object of the present invention is to provide applications of the promoter, and more specifically, to
provide a gene therapy vector and a therapeutic agent for mesothelioma each including the promoter.

Means for solving the Problems

[0010] The inventors of the present invention have intensively studied in order to solve the above-mentioned problems.
As a result, the inventors have focused on a mesothelioma marker, and have succeeded in finding a mesothelioma
marker-related promoter, which shows transcriptional activity in a mesothelioma-specific manner and shows no tran-
scriptional activity in other kinds of cancer cells and normal cells including mesothelium. Thus, the present invention has
been completed.
[0011] That is, the present invention includes the following:

1. a novel promoter, including a CREBBP/EP300 inhibitory protein 1 (CRI1) gene-derived promoter, in which the
promoter shows transcriptional activity in a mesothelioma-specific manner;
2. a novel promoter according to the item 1, in which the CRI1 gene-derived promoter has a sequence selected
from the region of -2586 to +84 in a CRI1 gene;
3. a novel promoter according to the item 1 or 2, in which the CRI1 gene-derived promoter has a sequence represented
by any one of SEQ ID NOS: 1 to 11 in Sequence Listing;
4. a virus vector, including the novel promoter according to any one of the items 1 to 3;
5. a virus vector according to the item 4, in which the virus vector includes an adenovirus vector;
6. a virus vector according to the item 5, in which the adenovirus includes a conditionally replication-competent
adenovirus;
7. a virus vector according to any one of the items 4 to 6, further including a cell death-inducing gene and/or a cell
lysis-inducing gene downstream of the promoter;
8. a gene therapy vector for treatment of mesothelioma, including the virus vector according to any one of the items
4 to 7;
9. a therapeutic agent for mesothelioma, including the gene therapy vector for treatment of mesothelioma according
to the item 8;
10. a virus vector according to any one of the items 4 to 6, further including a marker gene downstream of the promoter;
11. a virus vector according to the item 10, in which the marker gene includes a fluorescent protein-expressing gene;
12. a virus vector for inspection of mesothelioma, including the virus vector according to the item 10 or 11; and
13. a method for inspection of mesothelioma, including observing the presence or absence of the expression of a
marker by using the virus vector for inspection of mesothelioma according to the item 12.

Effects of the Invention

[0012] The novel promoter of the present invention showed significant transcriptional activity in mesothelioma and
showed low transcriptional activity in other kinds of cancer cells and normal cells including mesothelium. Thus, the
utilization of a cell death-inducing or cell lysis-inducing vector carrying the promoter can effectively induce a cell death
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or cell lysis action in a mesothelioma-specific manner. Further, an anti-tumor effect was confirmed in vivo as well. The
results of in vitro and in vivo confirmation indicate that, when the vector is E1-deleted Ad, a gene encoding an E1 region
is used as a transgene and incorporated into the vector together with the promoter of the present invention, which allows
Ad to replicate in a mesothelioma-specific manner, leading to the disappearance of mesothelioma. In view of the foregoing,
a therapeutic agent effective for mesothelioma can be provided.

Brief Description of the Drawings

[0013]

FIG. 1 is a diagram illustrating expression constructs produced by excising promoter regions from various mesothe-
lioma marker genes, and allowing the regions to bind to firefly luciferase genes (Example 1).
FIG. 2 is a graph showing the transcriptional activity of various mesothelioma marker gene-derived promoters in
mesothelioma or lung cancer cells (Example 1).
FIG. 3 is a graph showing the transcriptional activity of various mesothelioma marker gene-derived promoters in
normal cells (Example 1).
FIG. 4 is a diagramillustrating expression constructs produced by excising promoter regions from a CRI1 gene, and
allowing the regions to bind to firefly luciferase genes (Example 2).
FIG. 5 is a graph showing the transcriptional activity of the respective CRI1 gene-derived promoters in various cells
(Example 2).
FIG. 6 is a schematic diagram illustrating Ad vectors carrying a promoter of the present invention and each transgene
(Example 3).
FIGS. 7 are panels showing flow cytometric patterns in the case of infecting an Ad vector of the present invention
to various cells (Experimental Example 1).
FIGS. 8 are graphs showing the measurement results of the number of viable cells in the case of infecting the Ad
vector of the present invention to various cells (Experimental Example 2).
FIG. 9 is a graph showing the volume of tumor cells in the case of administering the Ad vector of the present invention
to a mouse tumor model (Experimental Example 3).

Best Mode for carrying out the Invention

[0014] As described in the section BackgroundArt, CREBBP/EP300 inhibitory protein 1 (CRI1) of the present invention
is one reported in each of Non-patent Documents 6 and 7 (GenBank Accession No. NM_014335). However, a CRI1
gene-derived promoter of the present invention has a sequence selected from the base sequence represented by
chromosome 15 q21 (GenBank Accession No. NW_925884.1).
[0015] To be specific, the promoter forms the upstream portion of the CRI1 gene in the base sequence represented
by GenBank Accession No. NW_925884.1 in Sequence Listing. When the transcriptional start site of the CRI1 gene is
defined as +1, the promoter has a sequence selected from the region of -2586 to +84 (SEQ ID NO: 1), or more specifically
selected from -1849 to +84 (SEQ ID NO: 2), selected from -1674 to +84 (SEQ ID NO: 3), selected from -1587 to +84
(SEQ ID NO: 4), selected from -1083 to +84 (SEQ ID NO: 5), selected from -766 to +84 (SEQ ID NO: 6), selected from
-567 to +84 (SEQ ID NO: 7), selected from -366 to +84 (SEQ ID NO: 8), or selected from -296 to +84 (SEQ ID NO: 9),
and is most preferably a promoter formed of the base sequence represented by -138 to +84 (SEQ ID NO: 10). Further,
the promoter may be a promoter formed of the base sequence represented by -74 to +84 (SEQ ID NO: 11). The promoter
formed of the sequence represented by SEQ ID NO: 1 in Sequence Listing can be represented by CRI1-2586/+84, the
promoter formed of the sequence represented by SEQ ID NO: 2 in Sequence Listing can be represented by CRI1 -1849/+84,
the promoter formed of the sequence represented by SEQ ID NO: 3 in Sequence Listing can be represented by
CRI1-1674/+84, the promoter formed of the sequence represented by SEQ ID NO: 4 in Sequence Listing can be represented
by CRI1-1587/+84, the promoter formed of the sequence represented by SEQ ID NO: 5 in Sequence Listing can be
represented by CRI1-1083/+84

, the promoter formed of the sequence represented by SEQ ID NO: 6 in Sequence Listing
can be represented by CRI1-766/+84, the promoter formed of the sequence represented by SEQ ID NO: 7 in Sequence
Listing can be represented by CRI1-567/+84, the promoter formed of the sequence represented by SEQ ID NO: 8 in
Sequence Listing can be represented by CRI1-366/+84, the promoter formed of the sequence represented by SEQ ID
NO: 9 in Sequence Listing can be represented by CRI1-296/+84, the promoter formed of the sequence represented by
SEQ ID NO: 10 in Sequence Listing can be represented by CRI1-138/+84, and the promoter formed of the sequence
represented by SEQ ID NO: 11 in Sequence Listing can be represented by CRI1-74/+84.
[0016] A novel promoter of the present invention shows transcriptional activity in a mesothelioma-specific manner.
The promoter of the present invention has significant transcriptional activity in malignant pleural mesothelioma cell lines
such as 211H cells and H2452 cells, while the promoter has very little transcriptional activity in lung cancer-derived cell
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lines such as A549 cells derived from human squamous lung cancer and H322 cells derived from human bronchioloal-
veolar carcinoma, or has clearly low transcriptional activity as compared to that in mesothelioma-derived cell lines.
Further, the promoter of the present invention has very little transcriptional activity in NHLF cells derived from normal
human lung fibroblasts and normal mesothelial cells, or has clearly low transcriptional activity as compared to that in
mesothelioma-derived cell lines.
[0017] A vector carrying the novel promoter of the present invention may be appropriately selected depending on the
purposes of use, and a virus vector is suitably used. Further, an adenovirus (Ad) vector is suitably used as the virus
vector. Ad which may be used in the present invention may be any as long as the Ad can in vivo or in vitro function as
a vehicle for introducing sequences of nucleic acids such as DNA and RNA into a variety of types of cells, and is not
particularly limited. Representative examples of the Ad include human Ad type 2, Ad type 5, Ad type 11, and Ad type
35 to be introduced into human host cells, and simian Ad, chimpanzee Ad, murine Ad, canine Ad, ovine Ad, and avian
Ad to be introduced into non-human host cells. The Ad may be Ad that replicates only in particular cells, for example,
E1-deleted Ad or conditionally replication-competent Ad. The E1-deleted Ad can proliferate only in 293 cells (having E1
in the cells), and the conditionally replication-competent Ad can replicate only in, for example, particular cancer cells.
[0018] The promoter of the present inventionmaybe incorporated into and carried by a vector capable of expressing
the promoter together with a gene that should be expressed in a mesothelioma-specific manner. For example, a base
sequence represented by any one of SEQ ID NOS: 1 to 11 may be selected as the base sequence of the promoter. The
number of the promoters to be incorporated may be any as long as the length is such that the promoters can be
incorporated into the vector, is not particularly limited, and a plurality of promoters may be incorporated. Further, the
gene that can be carried by the vector and should be expressed in a mesothelioma-specific manner is referred to as a
transgene in the present invention.
[0019] An example of the transgene in the present invention suitably includes a gene that damages mesothelioma
cells, such as a cell death-inducing gene or a cell lysis-inducing gene. An example of the cell death-inducing gene
includes a pro-apoptosis-related gene. As anti-apoptotic substances, there are given Bcl-2 and Bcl-XL as Bcl-2 family
proteins each partially blocking the release of cy-tochrome c from mitochondria to inhibit apoptosis. In contrast, Bad
binds to an anti-apoptotic protein out of the family proteins to inactivate the protein, to thereby activate procaspase and
promote apoptosis. Further, Bax and Bak are stimulating factors for promoting the release of cytochrome c from mito-
chondria, and promote apoptosis. Bax and Bak are activated by pro-apoptotic Bcl-2 family members such as Bid.
Accordingly, a specific example of the cell death-inducing gene includes a Bid gene. For example, the cell death-inducing
gene or the cell lysis-inducing gene can be incorporated into the vector together with the promoter of the present invention
to induce cell death or cell lysis in a mesothelioma-specific manner, and can be effectively used for treatment of mes-
othelioma without any influence on normal cells.
[0020] Further, when the vector is E1-deleted Ad, a gene encoding an E1 region can be used as the transgene and
introduced into the vector together with the promoter of the present invention. This allows Ad to replicate in a mesothe-
lioma-specific manner, leading to the disappearance of mesothelioma cells through the Ad infection of mesothelioma cells.
[0021] The production of the vector of the present invention can involve, in a production step, digesting each of one
or more restriction enzyme-recognizing sequences with a restriction enzyme, and introducing a transgene by in vitro
ligation via a shuttle vector or not via the shuttle vector.
[0022] The vector, e.g., Ad vector of the present invention may be produced by a production method including the
following steps :

1) constructing an expression construct including the promoter sequence of the present invention in an untranslated
region of a transgene;
2) constructing a shuttle vector including the expression construct in the step 1);
3) preparing an Ad genome; and
4) cleaving the Ad genome with a restriction enzyme, and ligating the gene-expressing shuttle vector produced in
the step 2) to the cleaved Ad genome.

[0023] The present invention also encompasses a vector containing a promoter, and more specifically, a recombinant
vector carrying the promoter and a transgene downstream of the promoter. A specific example of the transgene suitably
includes a gene that damages mesothelioma cells, such as a cell death-inducing gene or a cell lysis-inducing gene. An
example of the cell death-inducing gene includes a pro-apoptosis-related gene. For anti-apoptotic substances, Bcl-2
family proteins such as Bcl-2 and Bcl-XL partially block the release of cytochrome c from mitochondria to inhibit apoptosis.
In contrast, Bad binds to an anti-apoptotic protein out of the family proteins to inactivate the protein, to thereby activate
procaspase and promote apoptosis. Further, Bax and Bak are each a stimulating factor promoting the release of cyto-
chrome c from mitochondria, and promote apoptosis. Bax and Bak are activated by pro-apoptotic Bcl-2 family members
such as Bid. Accordingly, a specific example of the cell death-inducing gene includes a Bid gene.
[0024] A vector carrying the above-mentioned transgene downstream of the promoter of the present invention can be
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utilized in a therapeutic agent for mesothelioma. The present invention also encompasses a therapeutic agent for
mesothelioma including, as an active ingredient, a recombinant vector containing the transgene.
[0025] In addition, the vector containing the promoter of the present invention may also be used in the inspection of
mesothelioma. To be specific, a virus vector carrying a marker gene downstream of the promoter is used. Because the
promoter of the present invention has significant transcriptional activity in mesothelioma, a marker gene is expressed
on the basis of the presence of mesothelioma, which allows for the inspection of mesothelioma. The marker gene may
be any as long as the gene can express a protein capable of being used for the inspection. Examples of the marker
gene include, but are not particularly limited to, a fluorescent protein, and more specifically, a Green Fluorescent Protein
(GFP). The present invention also encompasses a virus vector for inspection of mesothelioma, which can express a
marker gene on the basis of the presence of mesothelioma, and a method for inspection of mesothelioma, including
observing the presence or absence of the expression of a marker by using the virus vector for inspection of mesothelioma.

Examples

[0026] Hereinafter, as for the promoter of the present invention and the recombinant vector containing the promoter,
the present invention is described in more detail by way of examples. It is apparent that the present invention is not
limited to these examples.

(Example 1) Confirmation of transcriptional activity of various promoters in various cells

1) Construction of expression constructs including various mesothelioma marker gene-derived promoters

[0027] As for CRI1, calretinin, Wilms’ tumor susceptibility gene 1 (WT1), and mesothelin as mesothelioma markers,
expression constructs were constructed by excising promoter regions from the respective marker genes, and allowing
the regions to bind to firefly luciferase genes. FIG. 1 is a schematic diagram illustrating expression constructs including
the respective promoters. Here, a calretinin gene-derived promoter has a sequence selected from the sequence of
chromosome 16 q21.1 (GenBank Accession No. NT_010498.15), a WT1 gene-derived promoter has a sequence selected
from the sequence of chromosome 11 p3 (GenBank Accession No. NT_079237.17), and a mesothelin gene-derived
promoter has a sequence selected from the sequence of chromosome 16 (GenBank AccessionNo. NT_037887.4). When
the transcriptional start site of each of the marker genes is defined as +1, the sequence of each of the promoter regions
is represented by any one of SEQ ID NOS: 2 or 12 to 14 in Sequence Listing, and is specifically as follows:

CRI1 gene promoter: -2586/+84 (SEQ ID NO: 2);
Calretinin gene promoter: -2179/+70 (SEQ ID NO: 12);
WT1 gene promoter: -1887/+39 (SEQ ID NO: 13); and
Mesothelin gene promoter: -2310/+44 (SEQ ID NO: 14).

2) Confirmation of transcriptional activity of respective promoters in mesothelioma or lung cancer cells

[0028] Expression constructs were produced by inserting the respective promoters described above into pGL3 luci-
ferase reporter vectors (Promega) (pGL3 Luciferase Reporter Vectors, Promega, see Technical Manual No. 033) Cells
derived from four kinds of malignant pleural mesothelioma cell lines (H2452, 211H, H2052, and H28) and two kinds of
lung cancer cell lines (A549 and H322) were each seeded in triplicate into a 6-well plate at a cell count of about 4�106,
and the cells were each confirmed for their survival. After that, a transfection reagent Lipofectin (registered trademark)
(Invitrogen) was used to transfect the cells with 2 Pg each of the expression constructs. After 24 hours, luciferase light
emission was measured by a luciferase assay in each of the cells to confirm the transcriptional activity of each of the
promoters.
[0029] As a result, there was a tendency that each of the marker gene-derived promoters shows transcriptional activity
in a mesothelioma cell-specific manner and shows low transcriptional activity in lung cancer cells. In particular, the CRI1
gene promoter: -2586/+84 had transcriptional activity in a mesothelioma cell-specific manner and had only low tran-
scriptional activity in lung cancer cells, as compared to other promoters (FIG. 2).

3) Confirmation of transcriptional activity of various mesothelioma marker gene-derived promoters in normal cells

[0030] With the use of the same technique as that in the item 2), the respective expression constructs were produced
by inserting the respective promoter regions into pGL3 luciferase reporter vectors (Promega). Normal mesothelial cells,
normal pleural cells (4/4RM-4 cells derived from rat pleura), and NHLF cells derived from normal human lung fibroblasts
were each cultured in the same manner as in the item 2), and the cells were each confirmed for their survival. After that,
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the cells were each transfected with 2 Pg each of the expression constructs. After 24 hours, luciferase light emission
was measured by a luciferase assay in each of the cells to confirm the transcriptional activity of each of the promoters.
[0031] As a result, the CRI1 gene promoter: -2586/+84 (CRI1-2586/+84) had low transcriptional activity in normal cells,
while each of other marker-derived promoters had transcriptional activity in normal cells as well (FIG. 3).
[0032] Those results confirmed that CRI1-2586/+84 had low transcriptional activity in normal cells and lung cancer cells
and had high transcriptional activity in mesothelioma cells, and thus exerted transcriptional activity in a mesothelioma-
specific manner.

(Example 2) Confirmation of transcriptional activity of CRI1 gene-derived promoter in various cells

1) Construction of expression construct including CRI1 gene-derived promoter

[0033] As for promoter regions of a CRI1 gene, expression constructs were constructed by excising the respective
regions having different lengths, and allowing the regions to bind to firefly luciferase genes. FIG. 4 is a schematic diagram
illustrating expression constructs including the respective promoters.
[0034] When the transcriptional start site of the CRI1 gene is defined as +1, the respective promoters are formed of
base sequences represented by the following SEQ ID NOS:

CRI1-2586/+84 (SEQ ID NO: 1);
CRI1-1849/+84 (SEQ ID NO: 2);
CRI1-1674/+84 (SEQ ID NO: 3);
CRI1-1587/+84 (SEQ ID NO: 4);
CRI1-1083/+84 (SEQ ID NO : 5);
CRI1-766/+84 (SEQ ID NO: 6);
CRI1-567/+84 (SEQ ID NO: 7);
CRI1-366/+84 (SEQ ID NO: 8);
CRI1-296/+84 (SEQ ID NO: 9);
CRI1-138/+84 (SEQ ID NO: 10); and
CRI1-74/+84 (SEQ ID NO: 11).

2) Confirmation of transcriptional activity of respective promoters in respective cells

[0035] With the use of the same technique as that in Example 1 above, the respective expression constructs were
produced by inserting the respective promoters derived from the CRI1 gene into pGL3 luciferase reporter vectors (Prome-
ga). Two kinds of malignant pleural mesothelioma cell lines (H2452 and MSTO-211H), two kinds of lung cancer cell
lines (A549 and H322), and two kinds of normal cell lines (normal mesothelial cells and NHLF) were cultured in the same
manner as in Example 1, and the cells were each confirmed for their survival. After that, the cells were each transfected
with 2 Pg each of the expression constructs. After 24 hours, luciferase light emission was measured by a luciferase
assay in each of the cells to confirm the transcriptional activity of each of the promoters.
[0036] As a result, all of the respective CRI1 gene-derived promoters had strong transcriptional activity in malignant
pleural mesothelioma cells and showed low transcriptional activity in lung cancer cells and normal cells. In particular, in
the case of using each of the promoters CRI1-296/+84, CRI1-138/+84, and CRI1-74/+84, higher mesothelioma specificity
was observed, and more particularly, in the case of using CRI1-138/+84, highest mesothelioma specificity was observed
(FIG. 5).

(Example 3) Production of therapeutic, genetically-modified adenovirus (Ad) vector

[0037] An Ad vector carrying a transgene and a CRI1 gene promoter (CRI1-138/+84) upstream of the transgene was
produced. A cell death-inducing gene (BID) or an Ad early gene E1 was used as the transgene.

1) Construction of expression construct including promoter sequence of present invention in untranslated region of 
transgene

[0038] The cell death-inducing gene (BID) and hemagglutinin (HA) gene sequences bound to each other (A) or the
Ad early gene E1 (B) was used as the transgene. Each of the expression constructs was produced by allowing four
tandem repeats of CRI1-138/+84 to bind to an upstream region of (A) or (B).
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2) Construction of shuttle vectors including expression constructs in above item 1)

[0039] Shuttle vectors including the expression constructs constructed in the item 1) were constructed in accordance
with the method described in Tong-Chuan He et al., Proc. Natl. Acad. Sci. USA, 95: 2509-2514, 1998.

3) Production of Ad vector

[0040] An E1-deleted type 5 Ad genome was prepared, the Ad genome was cleaved with a restriction enzyme, and
the gene-expressing shuttle vectors produced in the item 2) were subjected to homologous recombination in accordance
with the method of He et al., to thereby afford Ads carrying various expression constructs described above (Ad-CR1-138 4x

/HA-BID and Ad-CRI1-138 4x /E1A). In this example, in order to distinguish a BID expression construct from an intrinsic
BID, the construct was allowed to bind to an HA tag.

(Experimental Example 1) Effect of Ad-CRI1-138 4x/HA-BID on mesothelioma cells

[0041] Examination was made on a cell-killing effect of Ad-CRI1-138 4x/HA-BID obtained in Example 3 on mesothelioma
cells. Ad-CRI1-138 4x/GFP containing a green fluorescent protein (GFP) -expressing gene produced by the same tech-
nique was used as a control. Here, the Ad vectors are both E1-deleted vectors and are replication-incompetent in
mesothelioma cells, but differ in that one includes a cell death-inducing gene (BID) and the other includes a non-toxic
GFP gene.
[0042] Each of the resultant Ad vectors was infected to two kinds of malignant pleural mesothelioma cell lines (H2452
and 211H), two kinds of lung cancer cell lines (H322 and A549), two kinds of normal cell lines (normal mesothelial cells
and NHLF), and two kinds of cancer cell lines other than lung cancer cell lines (liver cancer cells: Hep3B and breast
cancer cells: MCF7). The cell death in each of the cells after Ad infection was quantified by flow cytometry after propidium
iodide (PI) staining.
[0043] As a result, as illustrated in FIGS. 7, in the two kinds of malignant pleural mesothelioma cell lines (H2452 and
211H) infected with the Ad including the cell death-inducing gene, an increase in sub-G0/G1 population having a peak
between G1 and G0 in the cell cycle was observed, and hence, the occurrence of apoptosis was confirmed. Meanwhile,
in the lung cancer cells, normal cells, and other cancer cells, there was no difference in flow cytometric patterns between
cases with and without the cell death-inducing gene. Those results confirmed that Ad-CRI1-138 4x/HA-BID was expressed
in a mesothelioma cell-specific manner.

(Experimental Example 2) Effect cf Ad-CRI1-138 4x/E1A on mesothelioma cells

[0044] Examination was made on an effect of Ad-CRI1-138 4x/E1A obtained in Example 3 on mesothelioma cells. In
the same manner as in Experimental Example 1, Ad-CRI1-138 4x/GFP was used as a control. Here, there is a difference
in that the Ad vector including the Ad early gene E1 is replication-competent in mesothelioma cells and the Ad vector
including the GFP gene is replication-incompetent in mesothelioma cells.
[0045] Each of the resultant Ad vectors was introduced into two kinds of malignant pleural mesothelioma cell lines
(H2452 and MSTO-211H) and two kinds of normal cell lines (normal mesothelial cells and NHLF) to measure the number
of viable cells. The number of the viable cells was measured by an MTS assay (assay involving measuring at 490 nm
water-soluble formazan released into a culture medium on the basis of a conversion reaction of a tetrazolium salt (MTS*
[3-(4,5-dimethylthiazol-2-yl)-5-(3carboxymethoxyphenyl)-2-(4-sulphophenyl)-2H-tetrazolium, inner salt]) to formazan in
viable cells).
[0046] As a result, as illustrated in FIGS. 8, it was confirmed that the infection of AD-CRI1-138 4x/E1A clearly decreased
mesothelioma cells as compared to the cases of the infection of Ad-CRI1-138 4x/GFP and only PBS and provided no
difference from the cases of the infection of Ad-CRI1-138 4x/GFP and PBS in normal cells. Those results confirmed that
Ad-CRI1-138 4x/E1A also had a cell-killing effect in a mesothelioma cell-specific manner.

(Experimental Example 3) Effect of Ad-CRI1-138 4x/HA-BID or Ad-CRI1-138 4x/E1A on mesothelioma (in vivo)

[0047] Examination was made on an in vivo cell-killing effect of Ad-CRI1-138 4x/HA-BID or AD-CRI1-138 4x/E1A obtained
in Example 3 on mesothelioma cells. In the same manner as in Experimental Examples 1 and 2, Ad-CRI1-138 4x/GFP
containing the GFP-expressing gene was used as a control vector. Here, the Ad vector including the cell death-inducing
gene (BID) or the non-toxic GFP gene is an E1-deleted vector and is replication-incompetent in mesothelioma cells.
Further, the Ad vector including the Ad early gene E1 is replication-competent in mesothelioma cells.
[0048] A mouse model of mesothelioma was produced by subcutaneously inoculating 2.5�106 211H cells to 6-week-
old female BALB/c nude mice. To the mouse model of mesothelioma on day 8 after the inoculation of 211H cells, PBS,
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Ad-CRI1-138 4x /GFP, Ad-CRI1-138 4x/HA-BID, or Ad-CRI1-138 4x/E1A was locally administered at 5�107 plaque forming
units (pfu) for 3 consecutive days, and the size of a tumor was observed for 56 days after the inoculation (n=8 for each
of the conditions).
[0049] As a result, as illustrated in FIG. 9, the infection of Ad-CRI1-138 4x/HA-BID or Ad-CRI1-138 4x/E1A provided an
anti-tumor effect as compared to the case of the infection of Ad-CRI1-138 4x/GFP or PBS alone as a control.

Industrial Applicability

[0050] As mentioned in detail above, it was confirmed that the novel promoter of the present invention had transcriptional
activity in a mesothelioma-specific manner. It was also confirmed that the introduction of a vector carrying the novel
promoter, a cell death-inducing gene, and the like into cells provided an apoptosis action in a mesothelioma-specific
manner and showed a cell-killing action. Further, an anti-tumor effect was confirmed in vivo as well. From those results,
the vector including the novel promoter of the present invention may be utilized in the case where a certain mesothelioma-
specific action is required. For example, the introduction of the vector into cells together with the cell death-inducing
gene or cell lysis-inducing gene as mentioned above can damage cells in a mesothelioma-specific manner. Those results
suggest that the vector including the novel promoter of the present invention can serve as an effective therapeutic agent
for mesothelioma. In addition, the vector including the novel promoter and the marker gene of the present invention can
also be used in the inspection of mesothelioma.
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Claims

1. A novel promoter, comprising a CREBBP/EP300 inhibitory protein 1 (CRI1) gene-derived promoter, wherein the
promoter shows transcriptional activity in a mesothelioma-specific manner.

2. A novel promoter according to claim 1, wherein the CRI1 gene-derived promoter has a sequence selected from a
region of -2586 to +84 in a CRI1 gene.

3. A novel promoter according to claim 1 or 2, wherein the CRI1 gene-derived promoter has a sequence represented
by any one of SEQ ID NOS: 1 to 11 in Sequence Listing.

4. A virus vector, comprising the novel promoter according to any one of claims 1 to 3.

5. A virus vector according to claim 4, wherein the virus vector comprises an adenovirus vector.

6. A virus vector according to claim 5, wherein the adenovirus comprises a conditionally replication-competent aden-
ovirus.

7. A virus vector according to any one of claims 4 to 6, further comprising a cell death-inducing gene and/or a cell lysis-
inducing gene downstream of the promoter.

8. A gene therapy vector for treatment of mesothelioma, comprising the virus vector according to any one of claims 4 to 7.

9. A therapeutic agent for mesothelioma, comprising the gene therapy vector for treatment of mesothelioma according
to claim 8.

10. A virus vector according to any one of claims 4 to 6, further comprising a marker gene downstream of the promoter.

11. A virus vector according to claim 10, wherein the marker gene comprises a fluorescent protein-expressing gene.

12. A virus vector for inspection of mesothelioma, comprising the virus vector according to claim 10 or 11.

13. A method for inspection of mesothelioma, comprising observing a presence or absence of expression of a marker
by using the virus vector for inspection of mesothelioma according to claim 12.
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